Pertusarialean lichens include more than 300 species belonging to several independent phylogenetic lineages.
Introduction Molecular data had a major impact on our understanding of the evolution and phylogenetic relationships of lichen-forming fungi, and this resulted in a dramatic change of the classification over the last decades [1] [2] [3] [4] [5] [6] [7] . Pertusarialean fungi, traditionally placed in the family Pertusariaceae, mirror these changes. Over twenty years ago one of us (HTL) became interested in this group of fungi since the delimitation of genera, especially between the two major genera Ochrolechia and Pertusaria, was unclear. At that point morphological and chemical characters suggested a complex pattern but did not allow for a clear understanding of the phylogenetic relationships in this group of lichen-forming fungi [8] [9] [10] .
Subsequent phylogenetic studies based on molecular data have shown that the group is polyphyletic and that the issues of distinguishing the main genera in the group, Ochrolechia and Pertusaria, were partly due to the fact that the large genus Pertusaria was highly polyphyletic [11] [12] [13] [14] [15] [16] [17] [18] [19] . These studies mainly included non-tropical species. Using a combination of morphological and chemical characters, the four major clades found within Pertusaria s. lat. can be characterized phenotypically [12, 16] . Two of the three clades, which are different from Pertusaria s. str., were subsequently recognized at generic level: Gyalectaria to accommodate species with gyalectoid ascomata forming a sister-group relationship to Coccotrema [12] , and Varicellaria to accommodate species containing lecanoric acid as major extrolite, having disciform ascomata, strongly amyloid asci and non-amyloid hymenial gel, 1-2-spored asci with 1-layered, thick-walled ascospores [13] . However, the largest of the clades distantly related to Pertusaria, the Variolaria group [16] has not yet been treated in more detail by us.
Recently, a phylogenetic study of the group confirmed that the Variolaria group is distinct from Pertusaria and a new genus, Marfloraea was described to accommodate thirteen species of the group [19] . Subsequently, Hafellner [20] provided a detailed discussion of the taxonomy and nomenclature of the Variolaria group and showed that the description of this new genus was superfluous since several names are available for the group. He resurrected the genus Lepra with Marfloraea as synonym. This interpretation was followed in Buaruang et al. [21] and Lendemer & Harris [22] . These recent publications prompted us to address the circumscription of the genus Lepra using a data set of six loci, including four nuclear protein-coding genes and two ribosomal genes-nuclear large subunit (nuLSU) and mitochondrial small subunit (mtSSU) DNA. In addition to a larger sampling of molecular markers, we have also extended our taxon sampling to include additional, mainly tropical species to better understand the delimitation of this genus.
Materials and methods

Ethics statements
None of the collecting locations of the specimens used in this study are in natural conservation areas and hence no specific permissions were required for collecting samples. Our field studies did not involve any endangered or protected species.
Taxon sampling
Forty-eight specimens of Lepra were included in the study (S1 Table) . In addition sequences of the related genera Ochrolechia and Varicellaria, three species of Megasporaceae, and Pertusaria s. str. were included. Based on previous studies [12, 13, 15] , samples of Pertusaria s. str. were chosen as outgroup.
DNA amplification and sequencing
Total genomic DNA was extracted from thallus fragments following the manufacturers' instructions using the DNeasy Plant Mini Kit (Qiagen). We generated sequences of six loci, including nuclear large subunit (nuLSU), mitochondrial small subunit (mtSSU), and proteincoding loci, including the largest subunit of the RNA polymerase II gene (RPB1), the minichromosome maintenance complex component 7 (MCM7), elongation factor 1-α (EF1) and ribosome maturation factor TSR1, since they have been shown to be phylogenetically informative in molecular studies of fungi at this phylogenetic level [13, 15, 16, [23] [24] [25] [26] . The PCR reactions were performed and primers were used as described previously [12, 24, 26] . PCR products were sequenced using an ABI PRISM™ 3730 DNA Analyzer (Applied Biosystems). The sequences were assembled using SeqMan 7.1.0 (Lasergene) and conflicts edited manually.
Sequence alignments and phylogenetic analyses
Sequences were aligned using ClustalW [27] in BioEdit 7.2.5 [28] . The program Gblocks v0.91b [29, 30] was used to remove regions of alignment uncertainty, using options for a "less stringent" selection on the Gblocks web server (http://molevol.cmima.csic.es/castresana/ Gblocks_server.html). To test for phylogenetic congruence among loci, well-supported clades in single-gene ML trees were compared and assessed among individual topologies [31] . Each locus was subjected to a maximum likelihood (ML) analysis and clade support was tested using 1000 bootstrapping pseudoreplicates with RAxML-HPC BlackBox 8.2.6 [32] on the Cipres Science Gateway (http://www.phylo.org). Results were visualized with FigTree 1.4.2 (http://tree.bio.ed.ac.uk/software/figtree/). Individual single locus topologies were assessed for well-supported (>75%) conflict compared to the other single locus ML trees and combined if no conflict was observed [31, 33] . Since no conflicts were detected in the single-gene trees, a concatenated analysis was performed. Phylogenetic analyses of the concatenated dataset were performed using RAxML-HPC BlackBox 8.2.6 [32] and MrBayes 3.2.6 [34, 35] on the Cipres Science Gateway (http://www.phylo.org; Miller et al. 2010). The model for each of the six single genes being used in the phylogenetic analysis was estimated using jModelTest-2.1.9 [36, 37] . In the ML analysis, the GTR+G+I model was used as the substitution model with 1000 bootstrapping pseudoreplicates. The data was partitioned according to the different genes. For RPB1, MCM7, EF1 and TSR1 data were also partitioned by codon position. Two parallel Markov chain Monte Carlo (MCMC) runs were performed each using 8,000,000 generations and sampling every 1,000 steps. A 50% majority rule consensus tree was generated from the combined sampled trees of both runs after discarding the first 25% as burn-in. Chain mixing and convergence were evaluated in Tracer v1. 
Nomenclature
The electronic version of this article in Portable Document Format (PDF) in a work with an ISSN or ISBN will represent a published work according to the International Code of Nomenclature for algae, fungi, and plants, and hence the new names contained in the electronic publication of a PLOS article are effectively published under that Code from the electronic edition alone, so there is no longer any need to provide printed copies.
In addition, new names contained in this work have been submitted to MycoBank from where they will be made available to the Global Names Index. The unique MycoBank number can be resolved and the associated information viewed through any standard web browser by appending the MycoBank number contained in this publication to the prefix http://www. mycobank.org/MB/. The online version of this work is archived and available from the following digital repositories: PubMed Central, LOCKSS.
Results and discussion
A total of 262 sequences of 6 gene loci were newly generated for this study, including 45 EF1α, 47 nuLSU, 43 MCM7, 48 mtSSU, 46 RPB1 and 33 TSR1 sequences. These were deposited in GenBank under accession numbers MF109133-MF109227, MF189726-MF189859and MF279153-MF279187 (S1 Table) . In total, sequences of 177 samples were included in the study. The datasets used for this study were deposited in TreeBase (ID#20828). Single-locus maximum likelihood (ML) topologies are shown in the supplementary material (S1-S6 Figs). Since the ML and Bayesian trees of the concatenated, 6-locus data set (4325bp; nuLSU: 730bp, mtSSU: 741bp, RPB1: 598bp, MCM7: 554bp, EF1α: 980bp, TSR1: 722bp) were similar in their topology, only the ML trees with the posterior probabilities of the Bayesian analysis added is shown in Fig 1. Our extended analysis including additional species and based on a six-locus dataset largely confirmed that the Variolaria group is distinct from Pertusaria s. str. and from the other two major clades that are now accepted as Gyalectaria and Varicellaria, respectively [12, 13] . As pointed out by Hafellner [20] the name Lepra is the oldest available name for this clade and is accepted here. Below we list all species that are currently included in this genus. The circumscription of Lepra largely agrees with the characterization of the Variolaria group described earlier [16] . The genus includes species with disciform ascomata, a weakly to non-amyloid hymenial gel, strongly amyloid asci without clear apical amyloid structures, single-layered, thin-walled ascospores. However, we here extend it to include species with single-and 2-spored asci, whereas we originally only included species with single-spored asci. Chlorinated xanthones are not present in species of Lepra, but thamnolic and picrolichenic acids occur in the genus, as well as orcinol depsides. Thamnolic acid is not restricted to this genus in the Pertusariales and additional studies are necessary to evaluate whether picrolichenic acid occurs outside Lepra. Species with 8-spored asci containing picrolichenic acid, such as P. truncata [38, 39] , need further studies and are ad interim left in Pertusaria until we have a better understanding on the phylogenetic importance of depsones.
Our extended sampling with six loci did not result in a better support for the relationships of the different clades in Pertusariales and the sister-group relationship to a clade including Ochrolechia and Megasporaceae lacked support. Although the clade of Varicellaria, Megasporaceae, Ochrolechia, and Lepra was strongly supported as is each of these groups, the relationships among these four clades lacked support. Hence we propose to classify Lepra in Pertusariales inc. sed. until additional data become available with which the classification at family level in the order can be addressed.
In the phylogenetic tree (Fig 1) , species of Lepra form a strongly supported monophyletic clade. Within this clade L. ophthalmiza and L. panyrga form a strongly supported early diverging monophyletic lineage.
Remarkably, several species, as currently circumscribed, were not monophyletic in our study and for most samples we have not drawn taxonomic consequences, since more material will be necessary to address species delimitation. The interspecific relationships within the latter group lack support. The phylogenetic relationships in the L. ophthalmiza/L. panyrga clade are strongly supported and indicate that L. ophthalmiza as currently circumscribed is polyphyletic-North American samples form a strongly supported sister-group relationship to L. panyrga, and these form a strongly supported sister-group relationship to the European L. ophthalmiza sample, whereas a specimen from Kenya forms a well-supported sister group to this clade. In the major clade of Lepra species for which more than one sample was included mostly form strongly supported monophyletic groups, with few exceptions, including L. amara. Samples identified as L. amara s. lat. based on morphology and chemistry fell into different clades with Japanese specimens being only distantly related to L. amara s.str. In addition L. mammosa nested within L. amara s. str., indicating that the species delimitation in this group requires further studies. The Japanese specimens tentatively identified as L. aff. amara have1-spored asci and contain dihydropertusaric, neodihydromurolic, isomuronic acids, and are with or without picrolichenic acid. Additional material will be necessary to elucidate the identity of these specimens but they probably represent an undescribed species. Furthermore, L. scaberula and L. subventosa require additional studies to better understand their circumscription. Samples of the former from the South Pacific (S1 Table) are described here as a new species, L. austropacifica. In the saxicolous L. subventosa, specimens from India, Kenya, Bolivia, and Australia clustered together, but differed in their extrolites. The Indian specimen contained lichexanthone and lecanoric acid, whereas the Kenyan material contained planaic and 4-O-demethylplanaic acids. The Australian specimen contains lichexanthone, picrolichenic acid, and thamnolic acid and agrees with Lepra subventosa s. str., whereas the Bolivian material contained lichexanthone, barbatic acid, and hypothamnolic acid.
Our study also showed that Pertusaria copiosa specimens clustered with Lepra commutata. Hence the former is below reduced to synonymy with L. commutata. This synonymy has also been proposed earlier based on phenotypical characters [40] and is confirmed here. Also Archer and Elix [40] placed P. coccopoda and P. moreliensis into synonymy of Lepra xantholeucoides. Our data show that P. kinigiensis, which differs from L. xantholeucoides in lacking lichexanthone but is otherwise very similar, is an additional synonym. Notes. The new species is very similar to Lepra scaberula and agrees with it in secondary chemistry. However, molecular data support its distinction. Separation of this sterile, cryptic species from L. scaberula without molecular data will be difficult. Table. (DOCX)
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